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Use of the prehospital ECG improves door-to-balloon
times in ST segment elevation myocardial infarction
irrespective of time of day or day of week
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Background: The use of the prehospital electrocardiogram (ECG) to identify patients with ST-segment
elevation myocardial infarction (STEMI), coupled with a centralised system to alert the cardiac catheterisation
team in preparation for prompt intervention, has been shown to reduce door-to-balloon times (DBT)
effectively. A confounding variable in prolonging the recommended 90 min DBT is the time of day or day of
the week of patient presentation. We postulated that use of the prehospital ECG, coupled with an emergency
department initiated ‘‘Cath Alert’’ system, could neutralise DBT delays related to time of day or day of week.
Methods: A prospective study was conducted on 167 consecutive patients presenting to our emergency
department with acute STEMI. All patients were treated with primary percutaneous coronary intervention.
Patients were grouped according to time of presentation: during regular hours (Monday to Friday 08:00 to
17:00) vs off hours (after 17:00 on weekdays and all hours on weekends). Baseline recorded variables
included mode of presentation, transmission of prehospital ECG, and activation of Cath Alert system.
Results: Overall, the mean (SD) DBT was 69 (35) mins, with the majority of patients (n = 131, 78%) achieving
the recommended DBT of 90 mins. The shortest DBT occurred in patients who arrived by emergency medical
services with use of the prehospital ECG and Cath Alert system (53 (21) min), while those who arrived as a
walk-in without use of emergency medical services had the longest DBT (105 (38) min; p,0.001). Compared
to regular hours, presentation during off hours prolonged DBT in patients presenting via emergency medical
services (75 (16) vs 53 (18) min, p = 0.03). With transmission of the prehospital ECG, the delay in DBT was
improved among those presenting off hours, nullifying the adverse effect of off hour presentation (54 (21) vs
49 (22) min; p = 0.26).
Conclusion: Variables such as time of day and mode of presentation have an impact on achieving currently
recommended DBT in patients with STEMI. With the addition of each prehospital variable in succession—that
is, arrival by emergency medical services, Cath Alert system, and the prehospital ECG—the DBT can be
progressively shortened and the adverse ‘‘off hour effect’’ nullified.

C
ardiovascular disease is a source of significant mortality,
causing up to one third of all deaths in the United States.
Coronary heart disease accounts for one in five deaths,

with the incidence of ST segment elevation myocardial
infarction (STEMI) representing 30–45% of all acute coronary
syndromes.1 The importance of prompt treatment of STEMI has
been highlighted in many studies both to preserve cardiac
function and reduce mortality.2 3 It is estimated that every
30 min of delay in reperfusion therapy increases 1 year
mortality by 7.5%.4 Prior trials have shown that primary
percutaneous coronary intervention (PCI) remains superior to
fibrinolytic treatment and is the preferred mode of reperfusion
in acute STEMI.5 6

The American College of Cardiology/American Heart
Association (ACC/AHA) has provided guidelines for the
diagnosis and management of STEMI. Despite their recom-
mendations for the management of patients with STEMI that
PCI should be performed within 90 min of presentation, less
than half of patients receive reperfusion therapy within this
time period.7 8 This has led to various strategies to improve the
hospital door-to-balloon time (DBT) in patients receiving
primary PCI. The use of the prehospital electrocardiogram
(ECG) to identify patients with STEMI, coupled with a
centralised system to alert the cardiac catheterisation team in
preparation for prompt intervention, has been shown to reduce
DBT effectively when adopted by hospitals and emergency

medical services personnel.9 10 The ACC/AHA thus recommends
that advanced cardiac life support providers perform and
evaluate 12 lead ECG routinely on chest pain patients suspected
of STEMI.7

A confounding variable in meeting the ACC/AHA guidelines
on DBT is the time of day or day of the week of patient
presentation. A cohort study using the National Registry of
Myocardial Infarction database demonstrated a difference of
21.3 min in meeting DBT between patients presenting during
regular hours compared to off hours.11 We hypothesised that
use of the prehospital ECG coupled with a centralised
emergency department initiated ‘‘Cath Alert’’ hospital system
could neutralise DBT delays related to time of day or day of the
week. To test our hypothesis, we prospectively analysed our
acute STEMI protocol, and examined the effect of off-hours
presentation on DBT. The acute STEMI protocol consists of a
prehospital 12 lead ECG identifying ST segment elevation,
transmission of ECG while the patient is en route to a receiving
station in the emergency department, and a centralised single-
page notification of the cardiac catheterisation team (Cath
Alert) initiated by the emergency department physician.

Abbreviations: ACC/AHA, American College of Cardiology/American
Heart Association; Cath Alert, catheterisation team activation; DBT, door-
to-balloon times; ECG, electrocardiogram; PCI, percutaneous coronary
intervention; STEMI, ST segment elevation myocardial infarction
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METHODS
This study was undertaken at Cleveland Clinic Florida, a
primary receiving hospital serving a large suburban commu-
nity. Primary PCI is the preferred method of reperfusion and is
performed on all eligible patients presenting with acute STEMI.
The hospital has a 24 h on-call cardiac catheterisation team
comprising an interventional cardiologist, a cardiology fellow,
specialised nurses, and transport personnel. The cardiac
catheterisation laboratory is located in the same building as
the emergency department. Two coronary angiography suites
are available simultaneously.

Study population
From October 2001 to November 2004, 167 consecutive patients
presented to the emergency department with an acute STEMI
and were eligible for primary PCI. Patients excluded from the
study were inter-hospital transfers and patients with prior
fibrinolytic treatment. The emergency medical services person-
nel involved were trained in the identification of ECG criteria
for STEMI (.1 mm ST elevation in two contiguous leads or two
adjacent limb leads). Upon arrival at the patient’s location by
emergency medical services, a 12 lead ECG was obtained if the
history suggested an acute coronary syndrome. If the ECG is
indicative of STEMI, it is immediately transmitted electronically
to a LifeNet receiving station (Medtronic, Inc, Minneapolis,
Minnesota, USA) in the emergency department. The emergency
department physician then evaluates the ECG and corroborates
the analysis from the field. The emergency department
physician, using a centralised single-page system (Cath Alert),
directly contacts all cardiac catheterisation team members,
activating the cardiac catheterisation laboratory.

Data collection and mode of presentation
Patient demographic and clinical information were collected
upon arrival to the emergency department. Clinical data
recorded included the following: date and time (hour and
minute) of presentation; availability of prehospital 12 lead
ECG; location of STEMI (anterior, non-anterior); and ejection
fraction (determined by two-dimensional echocardiography or
angiography). Patients arrived at the emergency department via
emergency medical services or as a walk-in. Of those who
arrived via emergency medical services, there were three modes
of presentation, which were independently identified for DBT
measures: emergency medical services only; emergency medical
services activated Cath Alert system; and emergency medical
services activated Cath Alert system with prehospital 12 lead
ECG. The time from arrival in the emergency department to
first inflation of balloon PCI was measured in all patients.
Patients were stratified based on their mode of presentation
and time of presentation. Time of presentation was defined as

regular hours described as between 08:00 to 17:00 weekdays,
and off-hours between 17:00 to 08:00 on weekdays and all
hours on weekend days. We assessed the number of patients
who met the ACC/AHA recommended guidelines for DBT for
PCI (within 90 min).

This study was done with the approval of the Institutional
Review Board and ethics committee from our centre.
Continuous variables were compared using the Student t test
and nominal variables by using the x2 and Fisher’s exact test.
Values of p(0.05 were considered significant.

RESULTS
During the study period, a total of 167 patients presented to the
emergency department with acute STEMI and met our
inclusion criteria. Baseline characteristics are shown in table 1.
Overall, the mean (SD) DBT was 69 (35) min, with 78%
(n = 131/167) of the cohort achieving the recommend DBT of
,90 min. The majority of patients (n = 123, 74%) were brought
via emergency medical services, while the remaining (n = 44,
26%) were walk-ins to the emergency department. Of those
presenting via emergency medical services, 81% (n = 100) had a
prehospital 12 lead ECG and a Cath Alert system activated; 15%
(n = 18) had no prehospital ECG but activated a Cath Alert
system; 4% (n = 5) had neither a prehospital ECG nor a Cath
Alert system activated.

Patient DBT based on mode of presentation are shown in
fig 1. Patients who arrived to the emergency department as a
walk-in had a significantly longer DBT compared to those
presenting via emergency medical services (mean (SD) 105 (38)
vs 56 (22) min; p,0.001). Among those presenting via
emergency medical services, the shortest DBT were achieved
in patients who transmitted the prehospital ECG and activated
the Cath Alert system, followed by those who presented in the
same manner but without the prehospital ECG (53 (21) vs 68
(20) min; p = 0.007). Of the 22% of patients (n = 36) who
failed to achieve the recommended 90 min DBT, the majority
presented as a walk-in to the emergency department (fig 2).

Testing our main hypothesis, patients were grouped accord-
ing to time of presentation, regular versus off hours. The
majority of patients (n = 116, 69%) presented to the emergency
department during off hours compared to 31% (n = 51)
presenting during regular hours. Overall there was no
significant difference in DBT among patients arriving during
regular hours versus off hours (69 (42) vs 69 (31); p = 0.98).
Based on mode of presentation, the longest DBT were noted for
the walk-in patients during regular hours (118 (44) min).
Among those who presented during off hours, the prehospital
ECG and Cath Alert system led to a shorter DBT compared to
Cath Alert alone patients (54 (21) vs 75 (16); p,0.001) and to
walk-ins (54 (21) vs 99 (33); p,0.001). Although DBT were
greater during off hours versus regular hours in those who
arrived via emergency medical services with Cath Alert
activation, the use of the prehospital ECG along with Cath
Alert negated the effect of off hour presentation and
significantly shortened the DBT (fig 3). In both groups, the
addition of the prehospital ECG to the Cath Alert reduced DBT
by an average of 4 min during regular hours and 21 min during
off hours.

DISCUSSION
In this cohort of acute STEMI patients undergoing primary PCI,
the use of the prehospital ECG and a Cath Alert system led to
the shortest DBT (53 (21) min). This benefit was evident for
patients presenting both during regular hours and off hours.
Less than a quarter of the cohort failed to meet the
recommended 90 min DBT, and of those nearly 75% failed to
use emergency medical services. These observations support the

Table 1 Baseline patient characteristics and mode of
presentation

Overall
cohort
(n = 167)

Regular
hours
(n = 116)

Off hours
(n = 51)

Demographics
Mean (SD) age (years) 61 (13) 63 (12) 60 (13)
Male gender (%) 86 84 87
Anterior infarct location (%) 40 37 41
Mean (SD) ejection fraction (%) 50 (9) 51 (6) 50 (10)

Mode of presentation (n)
Prehospital ECG, Cath Alert 100 30 70
Cath Alert only 18 6 12
EMS, no Cath Alert 5 1 4
Walk-ins 44 14 30

ECG, electrocardiogram; EMS, emergency medical services.
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practice of the prehospital ECG and its transmission coupled
with an emergency department initiated Cath Alert system.

Longer DBT have been associated with increased in-hospital
mortality regardless of time of symptom onset or presence of
high risk factors.12 To this end, studies have identified strategies
that are associated with improved outcomes in achieving better
DBT. An integrated multidisciplinary approach including the
use of the prehospital ECG transmitted by emergency medical
services to the emergency department physician, and centra-
lised activation of the cardiac catheterisation team, has been
identified in top performing hospitals as a tool for meeting
ACC/AHA guidelines.9 13 Data from the National Registry of
Myocardial Infarction showed substantial variation in DBT
among hospitals. However, in subinterval analysis of times that
constitute DBT, the greatest delay was noted in ECG-to-
catheterisation lab time across all hospital groups. This
comprises the time from performance of the ECG to arrival at
the catheterisation laboratory, and includes the time to
diagnoses of STEMI, making the decision to treat, and
preparation for PCI. This delay was noted on average to be
almost 50 min.14 Thus, the potential for considerable improve-
ment remains in the sequential hospital processes within this
area.

Prehospital ECG in earlier studies has been shown to shorten
DBT significantly in patients with STEMI.15 The application and
interpretation of these prehospital ECGs by trained emergency
medical services personnel in the field has been found to be
accurate and comparable to the emergency department
physician’s interpretation.16 The ECG, once obtained, can then
set off the cascade of events involved in the management of
STEMI. In our study the addition of the prehospital ECG to
other variables resulted in a statistically significant drop in DBT
in all groups of patients. It has, however, been shown that it is
not the mere performance of the prehospital ECG but its
transmission and use to activate a Cath Alert that has an impact
on DBT.9 This approach in our hospital shortened DBT for
patients up to 50%, regardless of mode or time of presentation.
In an integrated approach, the involvement of the emergency
department physician in initiating a decision for primary PCI
has also been shown to reduce outcome measures including
DBT, subsequent hospital interventions and length of stay.17

The mode of presentation to the emergency department
also affects time to reperfusion in patients with STEMI. Faster
DBT have been achieved in patients who present to the
emergency department via emergency medical services versus

self-transport.18 Our data showed that the longest DBT was
indeed in patients who presented to the emergency department
as walk-ins. A prolongation in all subinterval times, especially
in triage and obtaining the ECG, is a likely explanation for this
delay. Interestingly, in our hospital, patients who presented
during off hours as walk-ins had a shorter DBT compared to
those presenting during regular hours. This may be explained
based on the lower patient volume during off hours enabling a
more rapid patient triage.

Our data did not monitor the time from Cath Alert activation
to transfer to the catheterisation lab, which would have shed
light on the response time of the catheterisation team. A
response time of 20 min after activation of the Cath Alert has
been proposed as ideal by Bradley et al to shorten DBT.9 The
subinterval time from ECG completion to catheterisation lab

Figure 1 Mean (SD) door-to-balloon times shown based on mode of
presentation. *p = 0.007 for prehospital electrocardiogram (ECG) and
Cath Alert vs Cath Alert without prehospital ECG; �p = 0.06 for prehospital
ECG and Cath Alert vs emergency medical services (EMS) only; `p,0.001
for prehospital ECG and Cath Alert vs walk in.

Figure 2 Patients who failed to meet the recommended 90 min door-to-
balloon time based on mode of presentation. ECG, electrocardiogram;
EMS, emergency medical services.

Figure 3 Mean (SD) door-to-balloon times (DBT) during regular hours
versus off hours for those who arrived via emergency medical services with
Cath Alert activation only compared to those with the prehospital
electrocardiogram (ECG) along with Cath Alert activation. The addition of
the prehospital ECG negated the delay effect of off hour presentation and
significantly reduced the DBT.
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arrival was shown to be longer during off hours in a prior
study.11 That was attributed to a longer catheterisation lab
activation time, a subinterval that also includes the diagnosis of
the STEMI. In our study, patients with Cath Alert activation in
the absence of the prehospital ECG during off hours had an
average DBT 22 min longer compared to those presenting
during regular hours. This delay was eliminated with the use of
the prehospital ECG and thus negated the ‘‘off hour effect’’ on
DBT delays (fig 3).

Though our study was not powered to evaluate mortality, in-
hospital mortality has been shown to be higher in patients who
presented during off-hours. Centres that perform a high volume
of primary PCI for STEMI (.50 per year) have been identified
as having improved DBT, as have hospitals that consistently use
one reperfusion strategy (.90% of the time).8 Attainment of
these benchmarks may help explain how .75% of our cohort
achieved the recommended 90 min DBT.

CONCLUSION
The steps to primary PCI for acute STEMI are complex and
interspersed with several processes and factors. These multiple
steps have the potential to be shortened so as to become as
efficient as possible. Strategies have been identified to reduce
DBT effectively. This study highlights the effects that variables
such as time of day and mode of presentation can have in
patients with STEMI in achieving currently recommended DBT.
Our data demonstrate the benefits of more information being
made available to the medical team before patient’s arrival.
With the addition of each prehospital variable in succession—
that is, arrival by emergency medical services, Cath Alert
system, prehospital ECG—the DBT can be progressively
shortened and the adverse ‘‘off hour effect’’ nullified.
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